the 19th century (von Monakow, 1895) , and were investigated further in numerous studies using primates (Clark & Boggon, 1935; Crouch, 1940; Freeman & Watts, 1947; Mettler, 1947; Meyer, Beck & McLardy, 1947; Minkowski, 1923; Rutishauser, 1899; Sachs, 1909; Walker, 1940) and in a few studies employing cats (Clark & Boggon, 1933; Sachs, 1909; Waller, 1940; Waller & Barris, 1937) and rats (Clark, 1932; Clark & Boggon, 1933; Krieg, 1947; Lashley, 1941) . Warren, Warren, and Akert (1962) reviewed earlier behavioral "frontal cortex" research in mammalia of different species. The relevance of thalamocortical connections for inter species comparisons of the functions of the prefrontal cortex was, however, recognized only relatively lately.
Since the time of Lashley (1929) , a preferred laboratory animal for research in physiological psychology has been the rat, but the mediodorsal afferents to the cortex of this species were investigated neither by Akert (1964) nor by Rose and Woolsey (1948a) . Only a few non primate studies, mainly with prefrontally lesioned cats and dogs, appeared until the end of the last decade (Brutkowski, 1965; Markowitsch & Pritzel, 1976 , 1977 Warren & Akert, 1964) . The statement of Akert (1964, p. 380 ) that Rose and Woolsey (1948a) had investigated the rat, is wrong; he probably meant' 'rabbit."
Behavioral investigators who used rats regarded the cortex of the frontal pole as prefrontal, probably mainly on topological grounds (e.g., Lukaszewska, 1971) , until Leonard (1969) showed, in an anterograde degeneration study, that the rat's mediodorsal nucleus projects to two separate cortical fields, neither of which extends to the frontal pole. Both Leonard (1969) and Rose and Woolsey (1948a) pointed out some dangers associated with the definition of the prefrontal cortex as being the projection area of the mediodorsal nucleus. Rose and Woolsey cautiously termed their cortical projection fields "orbitofrontal," to avoid a direct comparison with the "granular frontal formations of primates" (p. 211). Akert (1964) , however, later suggested that the mediodorsal projection fields of non primates could be called granular for the following reasons: "Since this cortex has six inconspicuous layers and since it is narrower in comparison with the agranular cortex, we consider it granular despite the paucity of granular cells" (p. 378). Leonard stressed that the early definition of the prefrontal cortex as "silent" and nonmotor disagrees with a thalamocortical definition, because in the latter the nonsilent frontal eye field has to be termed prefrontal as well.
In spite of these inconsistencies, the definition of the prefrontal cortex as the projection area of the mediodorsal nucleus has been favored to the neglect of the definitions based on cytoarchitecture or on motor vs. nonmotor functions. Anatomical research of recent years has defined or redefined the prefrontal cortex on the basis of its mediodorsal thalamic connections. This has been done for the rhesus monkey (Akert, 1964; Pribram, Chow, & Semmes, 1953; Tobias, 1975) , squirrel monkey (Akert, 1964) , bush baby (Skeen & Masterton, 1976) , tree shrew (Skeen, 1974) , dog (Narkiewicz & Brutkowski, 1967; Akert, 1964) , cat (Akert, 1964; , opossum (Tobias & Ebner, 1973) , rabbit (Benjamin, Jackson, & Golden, 1978) , and rat (Beckstead, 1976; Divac, Kosmal, Lindvall, & Bjorklund, 1976; Krettek & Price, 1977; Leonard, 1969 Leonard, ,1972 .
Likewise, this definition of the prefrontal cortex seems to have been accepted nearly exclusively in the behavioral research of the last decade. Studies on monkeys, cats, and rats are reviewed in Markowitsch and Pritzel (1976, 1977) . Studies of other species have been done by Passingham (1978) , Shipley and Kolb (1977) , and Skeen and Masterton (1976) .
We will now show, however, that the reliance of recent anatomical and behavioral research on this definition of the prefrontal cortex is questionable for three major reasons. First, anatomical research in the rat, cat, and rhesus monkey has made it apparent that the mediodorsal nucleus projects to rather wide and divergent cortical fields, some of which lie outside the traditional borders of the prefrontal cortex (e.g., Ariens-Kappers et aI., 1936; Brodmann, 1909 Brodmann, , 1912 Stanley & Jaynes, 1949) . Second, those cortical areas receiving a direct input from the mediodorsal thalamic nucleus often also receive further inputs from other thalamic nuclei; these overlapping projections violate Rose and Woolsey's (1948a) basic " assumption that "although it is possible that some frontal fields are altogether athalamic, it appears certain that no other thalamic projections except those from the mediodorsal element reach the frontal fields" (p. 210). Third, recent anatomical evidence (Berson & Graybiel, 1978; Kievit & Kuypers, 1975 , 1977 challenges the view that each of the specific thalamic nuclei projects to its specificco'rtical field(s) (Mountcastle & Poggio, 1974) , ands~ggests, rather, that vertically oriented thalamic columns, which may cross nuclear borders, are related to vertically oriented cortical bands, which may also cross the borders of the traditionally established areas.
CORTICAL PROJECTIONS OF THE MEDIODORSAL NUCLEUS
Only results of recent studies using predominantly either the retrograde horseradish peroxidase method (Cowan, 1975; Heimer & Lohman, 1975; Kristensson & Olson, 1971; LaVail & LaVail, 1972) or the anterograde auto radiographic tracing technique (Cowan, 1975; Heimer & Lohman, 1975; Lasek, Joseph, & Whitlock, 1968) will be considered.
Rat
In the rat, Leonard (1'J69) for the first time pro" vided detailed evidence that the prefrontal cortex of a species is not situated topologically "prefrontal. Yo Instead, she found that the mediodorsarnucleus projects both to the medial wall of the hemisphere rostral to the genu of the corpus callosum and to the region above the rhinal sulcus on the lateral wall of the hemisphere.
The area on the medial wall had been termed cingulate cortex in earlier studies (Krieg, 1946) , while the area on the lateral wall had been considered an insular region (Brodmann, 1909 (Brodmann, , 1912 M. Rose, 1929; Stephan, 1975) . Later studies by Divac et al. (1976) , Domesick (1972) , Krettek and Price (1977) and Leonard (1972) confirmed Leonard's original results in essence.
Cat
Compared to the anatomical research in the rat, little has been done in the cat since the appearance of Akert's (1964; Warren et aI., 1962) and Rose and Woolsey's (1948a) studies. Using the horseradish peroxidase method, Markowitsch et al. (1978) redefined the extent of the cat's prefrontal cortex. Contrary to the earlier studies, their results also point to the existence of two differentially localized cortical areas that receive projections from the mediodorsal nucleus. Aside from the traditionally known area around the frontal pole, a further region, occupying parts of the insular cortex above the rhinal sulcus, was detected. Functionally, this insular region seems to belong among the polysensory integration areas of the cat's cortex (Avancini, Mancia, & Pelliccioli, 1969; Benevento & Loe, 1975; Buser & Bignall, 1967; Stephan, 1975 Figure 18 .18), but also parts of the cingulate cortex belong to the prefrontal cortex as defined by Rose and Woolsey. Akert (1964, Figure 18 .4) did not detect retrograde degeneration in the mediodorsal thalamic nucleus after ablations of the cortex in the medial wall and had therefore suggested that this cortex might be athalamic and "may represent 'association' cortex in the classical sense" (p. 381).
While mediodorsal cells projected, in Tobias' study at least, only to regions around the frontal pole, experimenters have more recently detected mediodorsal projections to the caudal part of the precentral gyrus corresponding to the regio praecentralis of Brodmann (Kievit & Kuypers, 1977) , to the parietal cortex above the sylvian fissure (Mesulam, van Hoesen, Pandya, & Geschwind, 1977, p. 404; Stanton, Cruce, Goldberg, & Robinson, 1977a , 1977b , Figure 3) , and to the temporal cortex below the sylvian fissure (Trojanowski, 1977; Trojanowski & Jacobson, 1976) . Projections above the sylvian fissure definitely extended to the lateral convexity of the hemisphere, and projections below the sylvian fissure probably did. These results suggest also that, in the monkey, portions of the insular region, or at least portions of the region around the sylvian fissurewhich topographically is situated similar to the (pseudo-}sylvian fissure of the cat's cortex, where the second mediodorsal projection field is centered-are part of the cortical projection areas of the mediodorsal nucleus. Locke (1967) had earlier reported mediodorsal afferents to the monkey's insular region.
Other Species A dual organization of mediodorsal afferents to the cortex has also been observed in the tree shrew (Skeen, 1974) . In this species, one area "is situated on the lateral convexity of the frontal pole" and the other "lies along the anterior extent of the rhinal fissure" (Skeen, 1974) .
In the rabbit and opossum, the mediodorsal projection fields seem to be united. In the opossum, afferents end "on the dorsolateral convexity of the hemisphere just rostral to the orbital sulcus" (Tobias & Ebner, 1973, p. 79) , and seem therefore to be rather limited compared to those of other species. In the rabbit, on the other hand, the projection field occupies "the entire wall rostral to a midcorpus callosal level, wrap [s] around the frontal pole onto the lateral convexity and tail [s] off caudally on the dorsal bank of the rhinal sulcus" (Benjamin et aI., 1978, p.251 ).
DEFINITION OF THE PREFRONTAL CORTEX 3 THALAMIC PROJECTIONS TO THE PREFRONTAL FIELDS
As already noted, Rose and Woolsey repeatedly postulated one-to-one relations between a thalamic nucleus and its cortical "essential projection area" (Rose & Woolsey, 1948a , 1948b . They stated that an overlapping projection of two thalamic nuclei might occur only for the fringes of adjacent cortical areas (Rose & Woolsey, 1948b) .
This requirement seems to become the exception instead of the rule in horseradish peroxidase studies of the prefrontal cortex. Thus, in the rat, the "medioventral, parataenial, interanteromedial, posterolateral and intralaminar-midline" nuclei project to the prefrontal cortex (Divac et aI., 1976) . These strong overlapping projections were also noted by Beckstead (1976; cf. especially his Table 1 , giving the distributions of labeled thalamic neurons after anterior cortical injections).
In the cat, Markowitsch, Pritzel, and Divac (unpublished observations) noted after cortical injections which labeled mediodorsal cells, labeled cells also in the nuclei ventralis anterior, ventralis lateralis, ventralis medialis, anteromedialis, centralis lateralis, centrum medianum, centralis medialis, parataenialis, and submedius. Similarly, Niimi, Niimi, and Okada (1978) observed that "injections in the anterior limbic region adjacent to the granular frontal cortex led to labeling in the dorsomedial, submedial, ventral medial and paratenial nuclei" (p. 228). In the rabbit also, overlapping projections from the anteromedial, ventroanterior, and parataenial nuclei were found together with labeled neurons of the mediodorsal nucleus (Benjamin et aI., 1978) .
BAND-LIKE ORGANIZATION OF THALAMOCORTICAL RELATIONS
From their horseradish peroxidase studies in the monkey, Kievit and Kuypers (1975, 1977) came to the conclusion that "the thalamus seems to contain a hidden matrix of longitudinal cell columns which may represent the basic thalamic building blocks in respect to the specific thalamo-cortical connexions" (Kievit & Kuypers, 1977, p. 317) . Evidence for the same kind of organization has also been found in the cat's thalamus (Berson & Graybiel, 1978) .
As at least "some of the longitudinal groups of labelled neurons extended from one nucleus into another" (Kievit & Kuypers, 1977, p. 317) , the precondition on which Rose and Woolsey (1948a) based their definition of the prefrontal cortex seems no longer valid.
Possible Alternatives
It now seems obvious that an exclusive reliance on mediodorsal afferents is no longer defensible in defining the prefrontal cortex of various mammalian species. The cortical regions to be included would be too divergent, including neo-, paleo-, and peripaleocortical fields (e.g., precentral, cingulate, and insular regions; cf. Stephan, 1975 , for a definition of cortical terminology). One and the same field can be termed cingulate cortex or prefrontal cortex, depending on whether the anteromedial or the mediodorsal nucleus is viewed as the primary thalamic projection.
However, both cytoarchitecture and electrical unexcitability seem even less acceptable as bases for a definition of the prefrontal cortex of primates and nonprimates. And also a redefinition, based on a combination of all three criteria, including the mediodorsal nucleus, would discriminate in favor of primate species and against at least rodents and marsupials.
Accepting the view that-at least among speciesthere exists no area which unequivocally could be termed prefrontal cortex, we suggest a new approach to the definition of the prefrontal cortex. Its definition as the projection area of the mediodorsal nucleus may be adopted as a provisional starting point, independent of species. Based on this relationship, the prefrontal cortex of a given species may be determined further by investigating it as a whole and in parts, using a palette of different techniques. (Basically, a "part" may be any arbitrarily defined subarea; a part need not be defined cytoarchitectonically, though it could be.)
Anatomically, afferent and efferent projections of prefrontal subregions ("parts") may be compared and possible differences or communalities in cytoarchitecture and topologic and topographic organization may be investigated (e. g., Chavis & Pandya, 1976; Jacobson & Trojanowski, 1977) . Behaviorally, animals with lesions of various prefrontal and associated areas (e.g., Johnson, Rosvold, & Mishkin, 1968 ) may be compared both by using traditional learning tasks and by studying them in more natural, species-specific situations (Warren, 1972) . Neurochemical investigations (e.g., , electrophysiological recordings (e.g., Markowitsch , and the study of ontogenetic (e.g., Goldman, 1976; Johnson, Rosvold, Galkin, & Goldman, 1976) and phylogenetic (e.g., Radinsky, 1975a Radinsky, , 1975b ) relationships, may complement the bases for a redefinition of the prefrontal cortex.
Though this suggestion certainly appears ponderous and difficult to establish, it might be worthwhile. The outcomes of these diverse analyses would allow the student to compare and to select specific and common attributes of subregions between and within species. These comparisons then might lead to a determination of those areas which could be termed prefrontal cortex with certain graded probabilities.
Although this suggestion of combining the results obtained by different methods will not lead to the unequivocal establishment of the prefrontal cortex for a given species, it will nevertheless have the advantage that inferences about the so-called prefrontal areas are based not upon just one attribute (the projection of the mediodorsal nucleus), but upon a multitude of what now seem to be relevant attributes.
